Introduction {#S0001}
============

Acute kidney injury (AKI) is a common complication in critically ill patients in the intensive care settings associated with increased short- and long-term complications and higher mortality risk.

In the current literature, the most frequent cause of AKI in critically ill patients is sepsis, accounting for almost half of the cases, followed by major surgery (34%), cardiogenic shock (27%), hypovolemia (26%) and lastly administration of nephrotoxic drugs (19%).[@CIT0001]

According to KDIGO criteria[@CIT0002] more than 50% of critical patients in the Intensive Care Unit (ICU) will develop AKI, requiring renal replacement therapy (RRT) in 13% of cases.[@CIT0003]

It is known that AKI is associated with higher mortality risk, increased length of stay in ICU and worse kidney function recovery at hospital discharge with the presence of chronic kidney disease (CKD) criteria in almost 50% of the patients.[@CIT0003] This clinical evolution of renal function is very important since today it is not possible to identify patients at high risk of evolution toward CKD by a specific marker.

For this reason, AKI represents an economic burden for its high costs, longer hospitalization and need of RRT.

According to all these issues, the management of AKI is today one of the major challenges for nephrologists and intensivists overall for its early diagnosis and management. The current KDIGO diagnostic criteria of AKI include the serum creatinine and the urinary output, but it is well known that they are neither sensitive nor specific markers of kidney function since they can be altered only after hours from the kidney injury and they can depend from various patient's characteristics. Furthermore, the consequent glomerular filtration rate (GFR) reduction is not synchronous with the renal injury, thus these two parameters vary with a certain delay. In effect, these markers seem to be potentially associated with many factors (volume status, sex, age, muscle mass) with poor correlation with the kidney injury.[@CIT0004] To overcome this problem, it would be necessary to identify a marker able to detect a renal damage even in the absence of GFR alterations, discovering episodes of sub-clinical AKI[@CIT0005] compensated by the renal functional reserve that can be lost after a pathological noxa, as heart surgery.[@CIT0006] In this point of view, in the last years, several studies focused on the identification of new biomarkers including neutrophil gelatinase-associated lipocalin (NGAL), interleukin-18 (IL18), liver-type fatty acid binding protein (L-FABP), kidney injury molecule-1 (KIM-1), tissue inhibitor of metalloproteinases-2 (TIMP-2), and insulin-like growth factor-binding protein 7 (IGFBP-7).[@CIT0007],[@CIT0008] In this spectrum of new markers, urinary insulin-like growth factor-binding protein (IGFBP-7) and tissue inhibitor of metalloproteinase (TIMP-2) have been proven as the best-performing.[@CIT0009]

In September 2014 the test "NephroCheck^®^" (Astute Medical, San Diego, CA, USA) was approved by the Food and Drug Administration. This immunoassay test measures the urinary concentrations of \[TIMP-2\] x \[IGFBP-7\], and combines them into a single numerical result that is the product of their concentrations. The AKIRisk^®^ Score provides a quantitative risk index (\[(TIMP-2\]x\[IGFBP-7\])/1000, units = (ng/mL)^2^/1000). A 0.3 cut-off has been established to achieve high sensitivity while preserving acceptable specificity.[@CIT0010] Since its approval, several studies focused on the evaluation of its clinical utility.

The aim of this review is to analyse the research status of cell-cycle arrest biomarkers (TIMP-2 and IGFBP7) and their efficacy in predicting AKI in order to be used as a predictive tool for the early diagnosis of AKI in critical patients.

In order to verify the utility of TIMP-2 and IGFBP7 as early predictors of AKI, we reviewed the most significant clinical researches reported in PubMed. Since AKI can have different etiologies and can occur in several clinical contests, we arranged the clinical studies on the basis of the specific clinical conditions in which the biomarkers \[TIMP-2\] x \[IGFBP-7\] were validated.

Tissue Inhibitor of Metalloproteinase 2 (TIMP-2) and Insulin-Like Growth Factor-Binding Protein 7 (IGFBP-7) {#S0002}
===========================================================================================================

Tissue inhibitor of metalloproteinase 2 (TIMP-2) and insulin-like growth factor-binding protein 7 (IGFBP-7) are expressed and secreted in kidney and other tissues. Some authors postulated that these proteins cause cell-cycle arrest during the very early phase of cellular damage leading the cell-cycle arrest in G1 phase in response to various insults (eg oxidative stress, toxins, ischemia, sepsis, inflammation).[@CIT0011],[@CIT0012] Cells react to injury by repairing while entering and exiting different phases of proliferation assisted by kinases. G1 cell-cycle arrest prevents division of cells with damaged DNA, allowing an adequate repair ([Figure 1](#F0001){ref-type="fig"}). Several proteins regulate the cell cycle, particularly kinases. During renal injury in the early phases of AKI, several tumor suppressor proteins like p53, p27 and p21 can be activated, and they upregulate different proteins.[@CIT0011] IGFBP-7 directly increases the expression of p53 and p21, while TIMP-2 enhances p27 expression. These effects are carried in an autocrine and paracrine pattern through IGFBP-7 and TIMP-2 receptors. The p-proteins block the effect of the cyclin-dependent protein kinase complexes (CyclD-CDK4 and CyclE-CDK2) on the cell cycle promotion, resulting in G1 cell-cycle arrest. This protective mechanism is designed to avoid the cells to divide when DNA is damaged.[@CIT0013] If tubular cells become arrested at the G1 phase for prolonged periods, will develop senescence and fibrosis.[@CIT0014]Figure 1Tissue inhibitor of metalloproteinase 2 (TIMP-2) and insulin-like growth factor-binding protein 7 (IGFBP-7) (Created with BioRender).

Markers of cell-cycle arrest such as TIMP-2 and IGFBP7 may act as a signal warning that the tubular cells have been stressed and have to shut down their functions in the aim of preserve energy. TIMP-2 and IGFBP7 appear to be able to signal in autocrine and paracrine fashions, spreading the alarm from the site of injury[@CIT0011] to other sites. In Kashani et al[@CIT0015] prospective, multicentre investigation conducted in 2013, IGFBP-7 and TIMP-2 were validated using a clinical assay and compared to existing markers of AKI in a cohort of heterogeneous critically ill patients without evidence of AKI at the enrolment. The primary end point was moderate-severe AKI (KDIGO stage 2--3) within 12 hours which occurred in 14% of the study subjects. \[TIMP-2\] x \[IGFBP-7\] were validated with an area under the curve (AUC) of 0.80 together (0.76 and 0.79 alone). According to this trial \[TIMP-2\] x \[IGFBP-7\] was remarkably superior to other biomarkers of AKI (P \< 0.002), including neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury molecule 1 (KIM-1), as neither of them reached an AUC \> 0.72 in this investigation.

Cardiac Surgery {#S0003}
===============

AKI has a high incidence in postsurgical cardiac patients, and it is estimated to be around 22%.[@CIT0016]

The pathogenesis of cardiac surgery-associated acute kidney injury (CSA-AKI) is complex and multi-factorial; there are several mechanisms of damage involved such as hemodynamic and inflammation factors, ischemia-reperfusion injury and oxidative stress. Especially patients undergoing cardiopulmonary bypass (CPB) surgery are at high risk of developing postoperative AKI not only for hemodynamic alterations but also for the inflammation and oxidative stress related to the not biocompatible surface of CPB devices. In fact, during CPB the renal perfusion may be inadequate[@CIT0017] and the inflammatory and oxidative stress is increased.

Due to the clinical relevance of CSA-AKI, several studies focused on assessing the performance of \[TIMP-2\] x \[IGFBP-7\] as early biomarkers of AKI. In 2014 Meersch et al enrolled 50 patients undergoing cardiac surgery including cardiopulmonary bypass. In serial urine samples \[TIMP-2\] x \[IGFBP-7\] concentrations were measured. The primary outcome was the development of CSA-AKI. While creatinine and urine output alterations did not occur until 1--3 days after CPB, urinary \[TIMP-2\] x \[IGFBP-7\] started to rise 4 hours after CPB in patients who developed AKI. For urine \[TIMP-2\] x \[IGFBP-7\], a cut-off of 0.3 showed a good sensitivity and specificity at 4 hours after CPB, with the area under the ROC curve of 0.81 (CI: 0.68--0.93). Additionally, according to this study, the decline of urinary \[TIMP-2\] and \[IGFBP-7\] at the discharge was a strong predictor for renal recovery.[@CIT0018]

In a recent analysis urine samples were collected from the patients enrolled in a randomized controlled trial, Cummings et al[@CIT0019] compared \[TIMP-2\] x \[IGFBP-7\] levels between patients undergoing cardiac surgery who developed AKI stage 2 or 3 according to KDIGO criteria and who did not. In patients who developed KDIGO AKI stage 2 and 3, \[TIMP-2\] x \[IGFBP-7\] levels showed a biphasic elevation with the first peak occurring during cardiac surgery and the second elevation at the 6th hour in the postoperative period. The authors suggest that both intraoperative and postoperative elevations of \[TIMP-2\] x \[IGFBP-7\] can predict moderate or severe AKI. In this study, there was no elevation of \[TIMP-2\] x \[IGFBP-7\] in patients who did not develop AKI confirming the validity of the test in this setting.

The intraoperative rise of \[TIMP-2\] x \[IGFBP-7\] was also confirmed in Mayer et al study[@CIT0020] in which the biomarkers levels were significantly higher after 1 hour of CPB in patients who developed AKI. According to the authors \[TIMP-2\] x \[IGFBP-7\] levels \> 0.4 were the best cut-off (with a sensitivity of 0.778 and a specificity of 0.641) for predict AKI at an early time.

In Oezkur study,[@CIT0021] \[TIMP-2\] x \[IGFBP-7\] were measured in urinary samples at baseline, at ICU-admission, and 24 hours post-surgery using a cut-off of 0.3. The primary endpoint was the rate of AKI within the first 48 hours postoperatively. \[TIMP-2\] x \[GFBP-7\] values \>0.3 at admission in ICU were strongly associated with the incidence of AKI (OR 11.8, p \<0.001) with a sensitivity of 0.60 and a specificity of 0.88 while measurements before surgery (at baseline) were not related with the risk of AKI.

In the purpose of increase \[TIMP-2\] x \[IGFBP-7\] accuracy in predicting AKI, some authors tried to combine the test with other predictive tools. Zaouter et al[@CIT0022] validated the combination of urinary \[TIMP-2\] x \[IGFBP-7\] and the RRI (Renal Resistive Index) in patients scheduled for elective on-pump cardiac surgery at high risk for CSA-AKI. The incidence of AKI according to the KDIGO criteria was the primary outcome. Serial RRI measurements and the urinary \[TIMP-2\] x \[IGFBP-7\] were obtained simultaneously. \[TIMP-2\] x \[IGFBP7\] at 12 hours were significantly higher in patients that developed AKI (0.62, \[IQR\] \[0.20--1.18\] with an area under the curve of 0.69 \[0.53--0.84\]). The best sensitivity (65%) and specificity (62%) were achieved for a cut-off value of 0.3. Thus, the authors showed that the combination of \[TIMP-2\] x \[IGFBP-7\] and RRI at 12 hours had increased accuracy with an area under the receiver-operating characteristic curve of 0.78 \[0.62--0.93\].

Grieshaber et al[@CIT0023] tested an algorithm to predict CSA-AKI. Patients at high risk for CSA-AKI undergoing surgical procedures with CPB were identified using a combination of clinical scores, the Cleveland Clinic Score and the Leicester score.[@CIT0024] In these patients \[TIMP-2\] x \[IGFBP-7\] test was performed 4 hours postoperatively. The primary end point was the rate of postoperative AKI stages 2 to 3 within the sixth day after surgery. The secondary end points were all-stage AKI within the sixth day after surgery, AKI stage 3 within the sixth day after surgery, early AKI within the first day after surgery, and in-hospital mortality. None of the prediction scores used by the authors reached a good accuracy for AKI prediction. \[TIMP-2\] x \[IGFBP-7\] was fairly predictive for early all-stage AKI (AUC 0.63). All-stage AKI until the sixth day after surgery was noticed more frequently in patients with \[TIMP-2\] x \[IGFBP-7\] \> 0.3 (odds ratio \[OR\] 2.9; 95% confidence interval 1.1--7.6). However, considering the ROC, \[TIMP-2\] x \[IGFBP-7\] were neither significantly predictive for the primary end point nor the secondary end points. In brief \[TIMP-2\] x \[IGFBP7\] ability to identify high-risk patients was weak and did not contribute to early diagnosis of CSA-AKI.

Wetz et al in 2015[@CIT0025] analysed the adequacy of \[TIMP-2\] x \[IGFBP-7\] as a diagnostic test to identify early AKI after cardiac surgery. The authors included patients undergoing coronary artery bypass graft (CABG) with the use of CPB. The \[TIMP-2\] x \[IGFBP-7\] levels were measured at the baseline pre-surgery, at the end of surgery, 4 hours after cardiopulmonary bypass and on the first postoperative day. On the day of surgery, the concentration of \[TIMP2\] × \[IGFBP-7\] did not significantly differ between patients with or without AKI. At the first postoperative day, the median \[TIMP-2\] x \[IGFBP-7\] concentration of patients without AKI was 0.28, whereas patients with AKI had a significantly higher \[TIMP-2\] x \[IGFBP-7\] of 0.79. Applying previously published cut-off of 0.3 in the first postoperative day has been obtained a sensitivity of 53% and a specificity of 54%. The author concluded that the \[TIMP-2\] × \[IGFBP-7\] test may allow the identification of patients at increased AKI risk after cardiac surgery starting at the first postoperative day, but not during the early postoperative phase. They also believe that \[TIMP-2\] × \[IGFBP-7\] test may be more accurate in patients who are at high risk for AKI and may be less precise in patients at low risk.

In 2017 Meersch et al[@CIT0026] conducted a randomized clinical trial in order to prove that an implementation of supportive care in high-risk patients for cardiac surgery-related AKI could reduce their mortality and improve renal recovery. Patients with high risk for developing AKI undergoing cardiac surgery with cardiopulmonary bypass were enrolled. High-risk patients for AKI were defined by urinary \[TIMP-2\] x \[IGFBP7\] ≥ 0.3 after 4 hours of CPB. In the control group patients received standard care while patients in the intervention group received a rigorously controlled implementation of KDIGO clinical practice guidelines (discontinuation of nephrotoxic agents and ACEi and ARBs for the first 48 hours after surgery, close monitoring of serum creatinine and urine output, tight glycemic control, avoidance when possible radiocontrast agents, close hemodynamic monitoring, optimization of the fluid).[@CIT0002] The rate of AKI defined by KDIGO criteria within the first 72 hours after surgery was the primary outcome. Secondary end points were AKI severity, need for RRT, length of stay, and major adverse kidney events. In the intervention group, moderate and severe AKI showed lower rate while there were no significant differences for any of the secondary outcomes. The authors disclosed that early predictive biomarkers such as \[TIMP-2\] x \[IGFBP7\] can identify AKI high-risk patients and take preventing measures to reduce the occurrence of AKI.

In the point of view that a marker can identify patients to manage by preventive measures, Levante et al[@CIT0027] assessed the ability of the urinary \[TIMP-2\] x \[IGFBP7\] to predict the probability of developing CSA-AKI and evaluated its accuracy as a diagnostic test, by building a multivariate logistic regression model for CSA-AKI prediction. Based on their findings, when the urinary \[TIMP-2\] x \[IGFBP7\] is included in a multivariate model its performance is improved, moreover when the test result is \>0.3, an automated electronic alert prompts the physician to intervene by following a checklist of preventive measures introducing an innovative way to early identify and manage patients at high risk of AKI.

Cardiac Arrest {#S0004}
==============

The prevalence of AKI after cardiac arrest (CA) resuscitation ranges widely from 12% to 81%. In fact, hemodynamic shock[@CIT0028] decreases renal perfusion and ischemia-reperfusion injury induces systemic inflammatory response syndrome mediated by cytokine release and expression of inducible nitric oxide synthase. In this setting, early detection of patients with AKI may improve their management and outcomes. Serum creatinine measurement is inadequate for the early detection of AKI because it requires 48--72 hours for its elevation. Beitland et al used \[TIMP‑2\] x \[IGFBP-7\] to assess the risk of AKI in 195 patients resuscitated from out-of-hospital cardiac arrest (CA).[@CIT0029] Increased urine \[TIMP-2\] x \[IGFBP-7\] levels at admission were significantly associated with the development of AKI (0.65 vs 0.25, p\<0.01) but no at day 3 (0.15 vs 0.24, p=0.079) probably due to the short half-lives of these markers. According to Beitland's study, Adler et al[@CIT0030] observed, in a group of 48 patients, that increased urine \[TIMP-2\] x \[IGFBP-7\] levels, checked 3 hours after CA, can predict AKI. Titeca-Beauport et al,[@CIT0031] analyzing 115 patients after CA, found that urinary \[TIMP-2\] x \[IGFBP-7\] levels after 240 minutes of CA predict the development of AKI. These studies showed that \[TIMP‑2\] x \[IGFBP-7\] could be early predictive urinary biomarkers of AKI in patients resuscitated after CA with limitations related to their short half-lives.

Decompensated Heart Failure {#S0005}
===========================

Cardio-Renal syndrome type 1 refers to acute decompensation of cardiac function leading to AKI.[@CIT0032] AKI complicates from 24% to 45% of hospitalized acute decompensated heart failure (ADHF) patients, with consequent increase in length of stay and a higher likelihood of rehospitalization.[@CIT0033] Schanz et al[@CIT0034] examined the predictive ability of urinary \[TIMP-2\] x \[IGFBP-7\] for the development of moderate-severe AKI in 40 ADHF patients. The cell-cycle arrest biomarker discriminated for AKI within 24 hours of sample collection with an area under the curve of 0.84 (95% confidence interval: 0.72--0.93; sensitivity was 86% and specificity was 95%). Atici et al[@CIT0035] found in 111 acute decompensated heart failure (ADHF) patients a significant correlation between high urinary \[TIMP-2\] x \[IGFBP-7\] levels at admission and the occurrence of AKI. This may indicate that cell-cycle arrest biomarkers are useful in early detection of Cardio-Renal syndrome type 1. Nevertheless, further studies are needed to recommend these new renal biomarkers in ADHF.

Kidney Transplantation and Delayed Graft Function {#S0006}
=================================================

Delayed graft function (DGF) is defined as failure of the renal transplant to function immediately, with the need for dialysis in the first post-transplantation week. DGF is associated with increased risk of rejection and long-term graft function loss. Yang et al[@CIT0036] assessed urinary \[TIMP-2\] x \[IGFBP-7\] levels at 0 hours post-transplantation in 74 patients who underwent kidney transplant from living or deceased donor. 23 were diagnosed with DGF. There were no differences in age, gender, causes of end-stage renal disease, ischemic time, or degree of HLA mismatch between the patients with early graft function and DGF. In multivariate analysis adjusting other factors, deceased donor and urinary \[TIMP-2\] x \[IGFBP7\] at 0 hours post-transplantation could predict the development of DGF with an area under the curve of 0.867 (sensitivity 0.86, specificity 0.71). Pianta et al[@CIT0037] demonstrated in 56 recipients from deceased donors that \[TIMP-2\] x \[IGFBP-7\] levels at 4 hours post-transplantation were good predictors of DGF in comparison with serum creatinine (p 0.05) with an area under the curve of 0.76 (sensitivity 0.72, specificity 0.81). The authors observed high urinary concentration of TIMP-2 in DGF group suggesting that DGF is associated with tubular epithelial G1 cell-cycle arrest. They also noticed that urinary concentrations of IGFBP7 in patients with slow graft function were elevated to intermediate levels compared with patients with immediate or delayed graft function. Consequently, IGFBP7 may poorly discriminate patients with DGF and non-DGF but help discriminate immediately from reduced graft function. Schmitt et al.[@CIT0038] observed in a group of 91 transplanted patients that urinary \[TIMP-2\] x \[IGFBP-7\] levels at day 1 and day 3 from transplantation significantly increase for patients suffering from a DGF in comparison with those with a normal graft function. Urinary \[TIMP-2\] x \[IGFBP7\] was shown to be significantly increased in the decreased donors group in comparison with the living donors group probably due to increased ischemia-reperfusion injury. Partially in contrast, Bank et al[@CIT0039] found in urine samples of 74 transplanted patients from deceased donor, that only urinary TIMP-2 on day 1 and on day 10 adequately identified patients with DGF (area under the curve 0.91) and prolonged DGF (area under curve 0.80), whereas IGFBP-7 did not (AUC 0.63 and 0.60). Using new biomarkers or their combination in predicting DGF could potentially improve long-term graft outcome by identifying these patients earlier and allowing clinicians to individually adjust their therapy.

Sepsis {#S0007}
======

Sepsis is the most common condition associated with AKI in critically ill patients, accounting for 50% or more of cases of AKI in ICU settings.[@CIT0040] Sepsis-induced AKI is strongly associated with increased mortality and adverse outcomes. An early diagnosis will allow for appropriate and timely interventions that may contribute to improve renal recovery and global outcomes of patients. Cuartero et al[@CIT0041] assessed the urinary \[TIMP‑2\] x \[IGFBP-7\] in 98 septic patients. Patients were stratified based on the presence of AKI and their highest level of \[TIMP-2\] x \[IGFBP-7\] within the first 12 hours of stay in ICU. \[TIMP‑2\] x \[IGFBP-7\] were significantly related to AKI severity according to AKIN criteria (p \< 0.0001). The AUROC curve to predict AKI of the worst \[TIMP-2\] x \[IGFBP7\] index value was 0.798 (sensitivity 73.5%, specificity 71.4%, p \< 0.0001). Index values below 0.8 ruled out any need for renal replacement (NPV 100%), whereas an index \>0.8 predicted a rate of AKI of 71% and AKIN ≥ 2 of 62.9%. In this study \[TIMP-2\] x \[IGFBP-7\] was an early predictor of AKI in ICU patients regardless of sepsis. Honore et al[@CIT0042] observed significantly higher \[TIMP‑2\] x \[IGFBP-7\] levels in patients with AKI than without (p \< 0.001). In multivariate analysis, the addition of urinary \[TIMP‑2\] x \[IGFBP-7\] significantly improved the performance of a clinical model for predicting AKI (p = 0.015). Maizel et al[@CIT0043] used \[TIMP-2\] x \[IGFBP-7\] to assess the risk of AKI in 112 patients admitted for septic shock with mild and moderate AKI. They observed that urinary \[TIMP‑2\] x \[IGFBP-7\] concentrations were independent factors to identify the subjects at high risk of progression from mild and moderate to severe AKI over the next 24 but not 72 hours. A urinary \[TIMP‑2\] x \[IGFBP-7\] concentration \>2.0 quadruples the risk of KDIGO 3 AKI within 24 hours. Urinary \[TIMP‑2\] x \[IGFBP-7\] at the early phase of septic shock may be useful to identify the population at high risk of AKI.

Non-Cardiac Surgery {#S0008}
===================

Non-cardiac postoperative AKI is associated with an increase in short and long-term complications and mortality. The use of urinary biomarkers for the early AKI detection can allow the precocious initiation of renal protection measures, including CRRT initiation,[@CIT0044] in the new concept of evaluating renal function in critically ill patients. Gocze et al[@CIT0045] observed in 107 non-cardiac postoperative patients a prevalence of 42% of AKI. The highest median values of \[TIMP-2\] × \[IGFBP-7\] were detected in sepsis, transplantation and patients after hepatic surgery with, respectively, the value of 1.24 vs 0.45 vs 0.47. The area under curve was 0.85 for the risk of AKI, 0.83 for early use of renal replacement therapy and 0.77 for 28-day mortality. In a multivariable model with established peri-operative risk factors, the \[TIMP-2\] × \[IGFBP-7\] test was a strong predictor of AKI (p\<0.001).

Platinum-Induced Nephrotoxicity {#S0009}
===============================

Cisplatin is a widely used and highly effective cancer chemotherapeutic agent, but its nephrotoxicity is often the limiting factor. The incidence of cisplatin-induced AKI has been reported before, up to 69% of patients treated.[@CIT0046] However, AKI development during high-dose cisplatin-based chemoradiation is underreported using the KDIGO criteria as the most recent and preferred criteria for AKI diagnosis and staging. Moreover, the early detection of AKI can enable early intervention, which might lessen treatment burden and improves efficacy and cost-effectiveness of care.[@CIT0047] Schanz et al[@CIT0048] measured urinary \[TIMP-2\] × \[IGFBP-7\] levels within 6 hours prior to platinum administration and within 12 hours after the end of chemotherapy. They found that \[TIMP-2\] × \[IGFBP-7\] levels after platinum administration discriminated for the risk of AKI with an area under curve of 0.92, sensitivity was 50%, specificity was 87%, negative predictive value was 95% and positive predictive value was 25% for the prediction of AKI within 72 hours. In contrast, Toprak et al[@CIT0049] observed 45 patients with lung cancer treated with cisplatin: AKI prevalence was 28% in this group of patients. There was no difference between creatinine and \[TIMP-2\] × \[IGFBP-7\] levels before and after treatment. \[TIMP-2\] × \[IGFBP-7\] values were not different between patients with or without AKI. The area under the curve of \[TIMP-2\] × \[IGFBP-7\] at 24 hours of the treatment was 0.46 (CI 0.26--0.67).

Urine Dilution and Urine Osmolality {#S0010}
===================================

Several studies found a considerable overlap in the score of AKI of different RIFLE groups; this aspect makes interpretation of the score uncertain. A possible reason for the overlap between different RIFLE groups could be dependent on the urine dilution. Noto et al[@CIT0050] observed that fluid intake in healthy volunteers is able to modify the urinary concentration of \[TIMP-2\] x \[IGFBP-7\] levels, thus, urine osmolality should be considered in the interpretation of the results of the test. They collected urine samples from healthy subjects after 8 h of thirsting (T0) and after a water load of 0.5 L (T1). Osmolality as well as \[TIMP-2\] x \[IGFBP-7\] levels were measured. A significant difference was found between the mean AKIRisk^®^ score at T0 (0.82, 95% CI 0.15 to 1.48) vs T1 (0.24, 95% CI 0.02 to 0.50), p = 0.01. The Pearson correlation between osmolality and a score of AKI at T0 and T1 was r = 0.93, p = 0.02, and r = 0.80, p = 0.03. L'Acqua et al[@CIT0051] examined 68 patients electively scheduled for cardiac surgery and described the correlation between urine creatinine and \[TIMP-2\] x \[IGFBP-7\] levels. All the samples with low \[TIMP-2\] x \[IGFBP-7\] levels (\<0.2) also have low urine creatinine (less than 50 mg/dL), detecting a potential diluted sample. \[TIMP-2\] x \[IGFBP-7\] values could be related to the urine concentration; thus, urine osmolality should be considered in the interpretation of the results of the test.

Discussion {#S0011}
==========

It is evident that the AKI syndrome affects very heterogeneous patients in Critical Care settings. The need to early identify AKI episodes, including sub-clinical ones,[@CIT0052] is a challenge for nephrologists and intensivists. In fact, the early AKI diagnosis allows the immediate measures necessary for the reduction of kidney damage and its short- and long-term complications.

In this particularly complex scenario, the need is to introduce in the clinical practice an AKI marker that is synchronous with renal damage ([Figure 2](#F0002){ref-type="fig"}). As previously discussed, the classic AKI diagnosis criteria, based on serum creatinine and urine output, have been shown not to be timely in identifying patients at AKI risk, as they undergo significant variations only when there is a clinical evident reduction in glomerular filtration[@CIT0053] and after that renal damage was expressed by reducing the GFR beyond the patient's functional reserve. This clinical evidence occurs when the renal functional reserve[@CIT0054] is affected, and the residual glomerular filtrate is no longer able to maintain the renal compensation. Considering these clinical factors, it is clear that it is necessary to introduce a marker in clinical practice able to identify patients at high risk of kidney damage in order to apply all preventive manoeuvres and the AKI management, even before a clinical alteration of serum creatinine and diuresis.Figure 2The AKI assessment (Created with BioRender).

In the current clinical practice, clinicians evaluate high-risk patients for AKI on the basis of their clinical and biochemical trend, including the urinary output and serum creatinine that result neither sensitive nor specific markers of kidney function since they can be altered with a certain delay from the kidney injury and they can depend from patient's characteristics. As validated by the recent literature, the use of new biomarkers could help to identify earlier patients with high risk for AKI, addressing properly the resources available[@CIT0055] and allowing clinicians to provide tailored therapies.

In cardiac surgery urinary \[TIMP-2\] x \[IGFBP-7\] seems to identify patients at high risk for AKI. Urinary \[TIMP-2\] x \[GFBP7\] values \> 0.3 at admission in ICU were strongly associated with the incidence of AKI[@CIT0022] good sensitivity and specificity at 4 hours after CPB, and its decline at the discharge was a strong predictor for renal recovery.[@CIT0019] Both intraoperative and postoperative elevations of urinary \[TIMP-2\] x \[IGFBP-7\] can predict moderate or severe AKI.[@CIT0020] According to these characteristics, it is possible to increase the ability of the test to identify patients at AKI risk by the combination of urinary \[TIMP-2\] x \[IGFBP-7\] and the Renal Resistive Index (RRI) in patients scheduled for elective on-pump cardiac surgery at high risk for CSA-AKI.[@CIT0023] This concept can also open the use of ultrasound[@CIT0056],[@CIT0057] and biomarkers in the assessment of renal function reserve before and after episode of clinical and subclinical AKI. In this setting it is also possible to describe and assess the hemodynamic alterations of renal perfusion in AKI by the RRI[@CIT0058],[@CIT0059] while \[TIMP‑2\] x \[IGFBP-7\] levels can describe the renal injury. In order to improve the test efficacy, it is also possible to insert it in an algorithm that considers several clinical scores[@CIT0024] but, in this configuration, the urinary \[TIMP-2\] x \[IGFBP-7\] ability to identify high-risk patients is weak and the algorithm does not contribute to early diagnosis of CSA-AKI.

In patients undergoing coronary artery bypass graft (CABG) with the use of CPB, urinary \[TIMP-2\] × \[IGFBP-7\] test might allow the identification of patients at increased AKI risk after cardiac surgery starting at the first postoperative day, but not during the early postoperative phase showing a more accuracy in patients at high risk.[@CIT0026]

Using \[TIMP‑2\] x \[IGFBP-7\] for early AKI diagnosis and management could improve the mortality and improve renal recovery by a rigorous controlled implementation of KDIGO clinical practice guidelines including the discontinuation of all nephrotoxic agents when possible, ensure volume status and perfusion pressure, consider functional hemodynamic monitoring, close monitoring of serum creatinine and urine output, tight glycemic control, avoidance when possible radiocontrast agents, check for changes in drug doses.[@CIT0027] The early diagnosis and management of the AKI are a focal element that allows to improve the patient's outcome and the reduction of short- and long-term complications.

The ability of urinary \[TIMP-2\] x \[IGFBP-7\] to predict CSA-AKI can be increased by building a multidisciplinary team model, for CSA-AKI management, where an automated electronic alert prompts the physicians to intervene by following a checklist of preventive measures, introducing an innovative way to maximize the early AKI diagnosis and the specific treatment.[@CIT0060]

In the setting of cardiac arrest, the early detection of patients with AKI may improve their management and outcomes. Serum creatinine measurement is inadequate for the early detection of AKI because it requires 48--72 h for its elevation. Increased urinary \[TIMP-2\] x \[IGFBP-7\] levels at admission in ICU is associated with the development of AKI only in the first hours probably due to the short half-lives of these markers,[@CIT0030] with a time window of about 3 hours after CA.[@CIT0031],[@CIT0032] These findings show that \[TIMP‑2\] x \[IGFBP-7\] could be an early predictive urinary biomarker of AKI in patients resuscitated after CA with limitations related to the markers short half-lives.

Cardio-Renal syndrome type 1 refers to acute decompensation of cardiac function leading to AKI that complicates from 24% to 45% of hospitalized acute decompensated heart failure (ADHF) patients, with increased length of stay and rehospitalisation.[@CIT0034] In ADHF patients a significant correlation between high urinary \[TIMP-2\] x \[IGFBP-7\] levels at admission and the occurrence of AKI was found[@CIT0036] indicating that cell-cycle arrest biomarkers are useful in early detection of Cardio-Renal syndrome type 1.

Another interesting field of application of this new marker is the renal transplant where the Delayed Graft Function (DGF) is associated with increased risk of rejection and long-term graft function loss. The urinary \[TIMP-2\] x \[IGFBP-7\] levels at 4 hours post-transplantation could predict the development of DGF more than creatinine and urine output.[@CIT0037],[@CIT0038] This data is also confirmed for the assessment of patient at 1 and 3 days from the transplant.[@CIT0039]

The results suggested a plausible correlation between elevated urinary concentrations of cell-cycle arrest biomarkers with tubular epithelial damage due to DGF.

Of particular interest in the Critical Care is the urinary \[TIMP-2\] x \[IGFBP-7\] application in Sepsis that is the most common condition associated with AKI in critical patients, accounting for 50% or more of cases of AKI in ICU settings. In this scenario, urinary \[TIMP‑2\] x \[IGFBP-7\] resulted significantly related to AKI severity according to AKIN criteria and resulted an independent factor to identify the subjects at high risk of progression from mild and moderate to severe AKI over the next 24 hours from sepsis. \[TIMP‑2\] x \[IGFBP-7\] levels are able to anticipate the time window for the assessment of patients and the high risk of AKI in the critical care.

In a recent editorial, Ronco[@CIT0061] underlined the widespread resistance of physicians to adopt this diagnostic tool despite the consistent results obtained in the last years in several studies. Moreover, the author mentioned the McCullogh et al[@CIT0062] retrospective post hoc analysis of an ICU patients' cohort in which they focused on the utility of \[TIMP-2\] × \[IGFBP-7\] measurements to predict stage 2--3 AKI over the course of the first 7 days of ICU stay. According to McCullogh, urinary levels of \[TIMP-2\] × \[IGFBP-7\] in critically ill patients at baseline, 12 hours, 24 hours and up to 3 days may predict the progressive risk of stage 2--3 AKI up to 7 days in the ICU, while three consecutive negative values were related with a very low incidence of AKI. Thus, an implementation of the patient's biochemical profiles with serial measurements of these biomarkers may help to assess the risk of develop AKI and guide its management.

According to the current literature, \[TIMP-2\] × \[IGFBP-7\] showed an overall good sensitivity for moderate to severe AKI within 24h after the injury. False-positive results appear to be more common when the test is used in low-risk patients.[@CIT0013] Thus, \[TIMP-2\] × \[IGFBP7\] urinary level of \>0.3, seems to have a greater predictability in patients at high risk for AKI, but it is certainly less useful in patients at low risk. For that reason, these biomarkers should be used in an appropriate patient population, undergoing cardiac or other major surgery, in the presence of sepsis in the critical settings, with at least one other risk factor for AKI.[@CIT0063]

Of particular importance is the emergent possibility to identify patients who could evolve from AKI to CKD. In a Korean prospective trial[@CIT0064] enrolling 124 patients with established AKI according to KDIGO criteria, urinary \[TIMP-2\] × \[IGFBP7\] on the day of the diagnosis could predict the need for RRT and renal recovery at the time of discharge (defined as the return of serum creatinine to 25% of the baseline value). Except for this investigation, \[TIMP-2\] × \[IGFBP7\] levels have not been validated yet as a predictor tool for the risk of developing CKD after an episode of AKI. Emerging literature focused on discovering other predictors in order to identify patient at high-risk to develop CKD and requiring dialysis or follow up after the discharge. James et al[@CIT0065] validated a multivariable model to predict the progression of AKI to advanced CKD that includes six clinical variables (age, sex, baseline serum creatinine value, albuminuria, AKI stage and the discharge serum creatinine). More recently, post-discharge proteinuria has been suggested as a strong predictor of future kidney function decline after AKI,[@CIT0066] while urinary C--C motif chemokine ligand 14 (CCL14) has proved to be the best predictor of persistence or progression of AKI in a large cohort of critically ill patients with severe AKI.

Finally, a possible limitation in the use of \[TIMP-2\] x \[IGFBP-7\] is that several studies found a considerable overlap in their levels of different RIFLE groups; this aspect makes interpretation of the score in some cases uncertain. A possible reason for the overlap in the score of AKI between different RIFLE groups could be dependent on the urine dilution as Noto et al[@CIT0050] observed that fluid intake in healthy volunteers is able to modify the urinary concentration of \[TIMP-2\] x \[IGFBP-7\] levels. Similar results were proposed by L'Acqua et al[@CIT0051] describing the correlation between low \[TIMP-2\] x \[IGFBP-7\] levels (\<0.2) and low urine creatinine (less than 50 mg/dL), in patients under heart surgery, suggesting that the \[TIMP-2\] x \[IGFBP-7\] values could be related to the urine concentration.

Conclusions {#S0012}
===========

There is strong consensus for whom to test with urinary \[TIMP‑2\] x \[IGFBP-7\], how to interpret a test result, and for the actions to take based on test results.[@CIT0067] Patients undergoing major surgery, cardiac surgery, those with hemodynamic instability, or those with sepsis are believed to be the top priority patient populations for the biomarker test. For what concerns the timing, testing needs to occur early but only after a potential inciting event has occurred, with the top actions for positive tests to involve management of nephrotoxic drugs as well as fluids. In this view, the urinary \[TIMP-2\] x \[IGFBP-7\] becomes an important test for the early detection of patients at high risk for AKI and its integration with the local ICU reality has to provide a multidisciplinary management of AKI in Critical Care Medicine with the institution of a rapid response team that can assess patients and customize AKI management. It is, therefore, useful to proceed with this new tool by specific protocols and checklists for the prevention, early diagnosis and treatment of patients with AKI. This action has to be undertaken not only for the immediate management of AKI and its complications, but also for the management of long-term complications including the development of CKD.
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